INTRODUCTION
============

The pathological diagnosis is made before and after endoscopic submucosal dissection (ESD) for early gastric cancer (EGC). The former is made from the forceps biopsy and the latter from the totally resected specimen. The interpretation of both pathological results is a key step in deciding the treatment strategy and predicting the outcome of ESD for EGC. Before performing ESD, we require information about the size, histological type and differentiation, and depth of invasion. However, there is often incomplete information and discrepancies can arise between the pathological diagnosis based on the forceps biopsy and that based on the totally resected specimens. The forceps biopsy usually takes approximately 1.0 mg of tissue from the surface mucosa with each bite, and submucosal tissue is not included. Endoscopic ultrasonography (EUS) has value in regional lymph node evaluation but the accuracy for depth of cancer invasion is reportedly less than 50% \[[@b1-ce-2016-082]\]. The choice of ESD or surgical gastrectomy depends on the pathological diagnosis obtained from the forceps biopsy specimen. After endoscopic resection (ER), we can examine the entire cancer specimen. We need to determine whether the pathological diagnosis is identical before and after ESD, whether the resection is complete and includes a safety margin, the degree of risk of lymph node metastasis (LNM), and whether there is need for additional surgery. In 1/3 to 2/3 of patients, the initial diagnosis changes after ESD. In addition, the presence of submucosal cancer cell invasion into lymphatics and vessels can be identified in the resected specimen. A mixed pattern of histology can also be evaluated in the totally resected specimen. These two findings also increase the possibility of LNM. If the pathological diagnosis changes after ER, we should reevaluate the curativeness and reformulate the goal of treatment.

In this review, various conditions relevant to the pathological diagnosis will be discussed.

INTERPRETATION OF PRE-ESD PATHOLOGIC DIAGNOSIS: WHAT ARE THE PROPER INDICATIONS FOR ESD IN EGC?
===============================================================================================

The indications should guarantee minimal risk of LNM and completeness of cancer removal. The factors that can affect these conditions are cancer size, depth of invasion, and histology. With advances in endoscopic techniques and instruments, the lateral size of cancer is no longer an obstacle to complete en bloc resection. Regarding the depth, submucosal invasion is a key component in predicting the possibility of LNM. The deeper the cancer invades into the submucosal layer, the higher the risk of LNM. Cancer with undifferentiated histology has greater risk of LNM and incomplete resection than cancer with differentiated histology.

What is the acceptable level of risk of LNM after ESD in EGC? We can infer the risk level by comparing the risk of surgical gastrectomy and ER. Surgical gastrectomy can remove the risk of metastatic lymph nodes but has the intrinsic risk of surgical complications, including mortality. If the risk of LNM after ESD is lower than the risk of mortality from surgical gastrectomy, we can reasonably consider ESD to be a better choice. Traditionally, mortality from surgical gastrectomy has been reported as around 1%. A recent study comparing laparoscopic and open gastrectomy for EGC reported rates of 0.9% for mortality and 8.9% for significant surgery-related morbidity \[[@b2-ce-2016-082]\]. Less than 1% risk is a reasonable threshold for recommendation of ESD over surgical gastrectomy.

Two levels are used in determining the indication for ESD. EGC that is confined to mucosa, spans less than 2.0 cm, has no ulcer, and has differentiated histology defines an absolute indication (AI). The AI has been employed since the introduction of endoscopic mucosal resection, and has proven oncological safety and reliability, with an extremely low risk of LNM. The expanded indication (EI) includes EGC with differentiated histology, and nonulcerative mucosal cancer without size limitation, or ulcerative mucosal cancer less than 3.0 cm, or non-ulcerative cancer 3.0 cm or less in diameter, with submucosal invasion less than 1/3 of the submucosal layer, or less than 500 μm from the mucosal muscle layer. The use of the EI was advocated by Gotoda et al. \[[@b3-ce-2016-082]\], who reported that EGC cases that met the EI had no LNM on pathological review of surgically-resected specimens. A Korean retrospective study reported an acceptable oncological outcome for ER in EGC using EI \[[@b4-ce-2016-082],[@b5-ce-2016-082]\]. A total of 1,244 cases were analyzed. In a comparison of AI and EI groups, there were no significant differences in disease-specific recurrence-free rates. The local recurrence rate was 1.1% for the EI group and 0.9% for the AI group (*p*=0.783).

However, with regard to AI and EI, we cannot confirm the characteristics of an EGC lesion before ESD. EGC with AI in pre-ESD evaluation can prove to be EGC with EI, or beyond expanded indication (BEI). Lee et al. \[[@b6-ce-2016-082]\] reviewed 2,041 cases of gastric neoplasms and reported that 33.3% of EGC with AI turned out to be EGC with EI after resection. Moreover, 24.1% of EGC with EI was finally diagnosed as EGC with BEI. Kang et al. \[[@b7-ce-2016-082]\] also reported that one-fourth of EGC with EI before ESD proved to be EGC with BEI. The pre-ESD evaluation of EGC is not sufficiently reliable in terms of size, histology, differentiation, and depth of invasion. Therefore, even if EGC with EI can be treated safely with ESD, we should be cautious in using ESD for possible EGC with EI, and should prepare a follow-up plan for EGC with BEI.

EGC with undifferentiated histology is controversial. Gotoda et al. \[[@b8-ce-2016-082]\] reported that 141 cases of intramucosal EGC less than 2.0 cm in size with undifferentiated histology showed no LNM in the surgical specimen. The pros for considering mucosal cancer less than 2.0 cm in size with undifferentiated histology as an indication for ESD are based on this report. Yoon et al. \[[@b9-ce-2016-082]\] reported a 0.3% rate of LNM for mucosal cancer less than 2.0 cm in size with undifferentiated histology in Korean patients who underwent surgical gastrectomy. However, there are also cons. In a Korean study on 591 EGC cases with undifferentiated histology, 13.4% presented with LNM. Among those, mucosal cancer with LNM was identified in 2.9%, which is higher than that seen in EGC with differentiated histology \[[@b10-ce-2016-082]\]. Similarly, Lee et al. \[[@b11-ce-2016-082]\] reported LNM in 3.2% with mucosal cancer less than 2.0 cm in size with undifferentiated histology.

What accounts for the differences between studies on undifferentiated mucosal cancers? Two factors can affect the outcomes. First, the histological subtype of cancer with undifferentiated histology can matter. The other factor can be the size of the cancer. A size of 2.0 cm originates from the study by Gotoda et al. \[[@b8-ce-2016-082]\], but we can reasonably adjust the cut-off size according to recent additional evidence. Park et al. \[[@b12-ce-2016-082]\] reported different LNM rates according to the size of the undifferentiated mucosal cancer. The authors reported a 1.4% (1/74) LNM rate for undifferentiated mucosal cancer less than 2.0 cm, but if the cut-off moves to 1.5 cm, LNM does not occur (0/49) \[[@b12-ce-2016-082]\]. Chung et al. \[[@b13-ce-2016-082]\] used cut-offs of 1.0 cm intervals. They reported a 1.6% LNM rate for undifferentiated mucosal cancer less than 2.0 cm, but 88 cases of mucosal cancer less than 1.0 cm showed no LNM \[[@b13-ce-2016-082]\]. Kim et al. \[[@b14-ce-2016-082]\] reported no LNM in mucosal cancer with poorly differentiated adenocarcinoma and signet ring cell carcinoma 1.5 cm or less in size. In summary, the LNM rate ranges from 0% to 3.4% for undifferentiated mucosal cancer less than 2.0 cm in size, but this value seems unsafe. However, if we narrow the cut-off size to 1.0 or 1.5 cm or less, we find no LNM cases, and meet the threshold level of 1% or less risk of LNM to advocate ER over surgical gastrectomy.

Undifferentiated histology comprises poorly differentiated adenocarcinoma, poorly cohesive cancer with a signet ring cell component, and mucinous carcinoma. Ye et al. \[[@b10-ce-2016-082]\] analyzed the different LNM rates among the subtypes of undifferentiated histology EGC. EGC with poorly cohesive cancer and a signet ring cell component showed a significantly lower LNM rate of 6.0%, compared to the 21.1% of poorly differentiated adenocarcinoma and 44.4% of mucinous cancer. Kim et al. \[[@b14-ce-2016-082]\] also reported a lower LNM rate for EGC with poorly cohesive cancer and a signet ring cell component compared to that of EGC with poorly differentiated carcinoma (5.7% vs. 14.2%, *p*\<0.0001). Lee et al. \[[@b15-ce-2016-082]\] reported a 0% LNM rate for both mucosal cancer \<2.0 cm with signet ring cell carcinoma, and mucosal cancer \<2.0 cm with well differentiated adenocarcinoma, in contrast to a 13.3% LNM rate for mucosal cancer \<2.0 cm with poorly differentiated adenocarcinoma (*p*\<0.001). A problem found in mucosal cancer with poorly cohesive cancer and a signet ring cell component is inaccuracy of measurement of the cancer size. There are two types of growth patterns in EGC with a signet ring cell component: expanding and infiltrative. Infiltrative cancer spreads along the deep layer of epithelium, and the overlying epithelial surface maintains a normal pattern. Endoscopic examination often fails to recognize the exact demarcation line of cancer. Except for this point, and based on the evidence above, we may consider mucosal cancer with poorly cohesive cancer and a signet ring cell component to be a proper indication for ESD. Of course, this may not be conclusive.

Regarding concerns about various levels, EGC with AI or EI can be treated safely with ESD, and the oncological outcome of ESD exceeds or is equivalent to that of surgical gastrectomy \[[@b7-ce-2016-082]\]. Mucosal cancer with undifferentiated histology can be included in the indication, based on a size \<1.5 cm rather than \<2.0 cm; among histological subtypes, signet ring cell cancer is more favorable.

INTERPRETATION OF POST-ESD PATHOLOGIC DIAGNOSIS: IS THE TREATMENT FOR EGC COMPLETE?
===================================================================================

After ESD, we need to evaluate whether or not the treatment was curative. Curative resection with ESD in electrocardiography (ECG) is defined when cancer is resected completely, the resected specimen is histologically compatible with the indication, and the criteria are met for minimal risk of LNM. *En bloc* resection is important, and is a condition for curativeness. However, if the cancer was resected piecemeal and reconstructed intact, piecemeal resection can be regarded as curative. Additional histological information about curativeness that is available only after ESD is the presence of lymphatic or venous invasion. If we fail to achieve curative resection, we need an additional step to complete the treatment. Additional surgery is the most definitive strategy for failed ESD, but additional ESD or other ablative treatments can be considered when conditions permit. Close observation can be employed when additional treatment will carry more risk than benefit.

Resection margin involvement can be present as two types: lateral and vertical. When the lateral margin is positive, residual tumor is possible, but the risk of LNM does not increase. Excessive cauterization may narrow the lateral margin. Additional resection for the involved side of the ESD is proper.

Vertical margin positivity, lymphovascular (LV) invasion, and \>sm1 submucosal invasion are associated with an increased LNM rate. Oda et al. \[[@b16-ce-2016-082]\] analyzed 226 cases of noncurative resection in which lateral margin positivity was excluded. After surgery, residual cancer was detected in 4.2% and LNM was positive in 6.3% \[[@b16-ce-2016-082]\].

Lymphatic and vascular invasion are major histological predictors of LNM, but can only be determined after ESD. Most studies on the clinical significance of LV invasion are retrospective reviews of surgically treated EGC, and the outcome measurements vary in aspects and conditions. In analysis of undifferentiated EGC, lymphatic involvement by cancer cells increases the LNM rate from 6.7% to 62.0% (*p*\<0.001) \[[@b10-ce-2016-082]\]. In studies on EGC with undifferentiated histology, the odds ratio for LNM ranges from 5.54 (95% confidence interval \[CI\], 2.06 to 15.57) to 12.628 (95% CI, 4.050 to 39.370) \[[@b10-ce-2016-082],[@b12-ce-2016-082]\]. For mucosal cancers, irrespective of differentiation, the presence of LV invasion increased LNM to 33.5% from 2.6% in LV-invasion-negative patients (*p*=0.07) \[[@b13-ce-2016-082]\]. A study on mucosal cancer in poorly cohesive carcinoma with a signet ring cell component showed interesting results. The overall LNM rate was 3.7% \[[@b17-ce-2016-082]\]. However, if mucosal cancers less than 1.7 cm are counted, LNM was just 1.1% (5/499) for LV-involvement-negative patients, and 33.3% (1/3) for LV-involvement-positive patients. For mucosal cancer with differentiated histology, LNM rate was not affected by the presence of LN involvement \[[@b18-ce-2016-082]\]. A retrospective study on surgical specimens of non-curative ESD supports independence of LV involvement and LNM risk for mucosal cancer with differentiated histology. The LNM rate was 5.3% (6/113) in the LV-involvement-positive group and 6.2% (5/81) in the LV-involvement-negative group (*p*=1.0) \[[@b19-ce-2016-082]\]. In summary, LV involvement is crucial for undifferentiated histology EGC, but possibly has no effect on differentiated histology mucosal cancer.

Should we consider mucosal cancer with undifferentiated histology to be noncurative? Due to incompleteness of a forceps biopsy specimen diagnosis, about 5% of EGC with differentiated histology converts to undifferentiated histology after ESD \[[@b20-ce-2016-082]\]. As noted above, if the undifferentiated cancer is confined to mucosa, measures less than 2.0 or 1.5 cm, and has no LV involvement, we can use a follow-up strategy. Mixed histology is another concern. Evidence to date suggests that mixed histology cancer with undifferentiated predominance has highest LNM risk compared to other types, including pure undifferentiated histology EGC \[[@b21-ce-2016-082]\].

Additional surgery for noncurative resection seems a reasonable strategy to avoid recurrence of residual gastric cancer. Kim et al. \[[@b19-ce-2016-082]\] analyzed the long-term survival of patients with noncurative resection. Five-year overall survival rates in the additional surgery and untreated groups were 94.3% and 85%, respectively (*p*=0.049). However, a proportion of patients declined treatment, and other reports indicate the survival benefit from additional surgery is uncertain. Hoteya et al. \[[@b18-ce-2016-082]\] analyzed survival of surgical and untreated groups. The 5-year survival rate was 96.9% for the surgical group and 90.8% for the untreated group, but the difference was not significant (*p*=0.089) \[[@b18-ce-2016-082]\]. Most deaths in the untreated group were from causes other than gastric cancer. Choi et al. \[[@b22-ce-2016-082]\] reported that noncurative ESD cases occur in 7.1% (89/1,246), due to deep submucosal invasion, and that among those, only 31.5% (28/89) underwent additional surgery. In this study, the overall survival in the surgery group was better than in the follow-up group (*p*=0.066), but the disease-free survival of both groups was not different (*p*=0.199). Most of the deaths were from pancreatic cancer, lung cancer, pneumonia, and cardiac arrest, rather than gastric cancer recurrence. This suggested that the non-surgical strategy was due to poor patient fitness for surgery.

CONCLUSIONS
===========

With advanced technology and wide availability of endoscopic examination in Korea, over half of the gastric cancers present as EGC. ESD is less invasive, and preservative of organ function compared with surgical gastrectomy. However, possible LNM and residual cancer after ESD are major concerns. To reduce these risks, proper indications for ESD in ECG must be determined. Along with careful endoscopic examination of the lesion, forceps biopsy and EUS are very helpful for increasing the accuracy of pre-ESD diagnosis. Histology, size, depth of invasion, and presence of ulceration should be thoroughly evaluated before proceeding to ESD. The presence of LV involvement and histological homogeneity are clarified after ESD. Additional surgery is a reasonable strategy for non-curative ESD, but a patient's other health conditions must be considered. It is simple to read pathological reports before and after ESD. However, it can be a complicated art to interpret the report and formulate an optimal approach ([Fig. 1](#f1-ce-2016-082){ref-type="fig"}).
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![Suggested algorithm for treatment of early gastric cancer (EGC) under various histological conditions. EUS, endoscopic ultrasonography; CT, computed tomography; ESD, endoscopic submucosal dissection.](ce-2016-082f1){#f1-ce-2016-082}
